The synthetic aperture radiometer, ESTAR, provided Lband brightness temperature maps of the experiment site during the Southem Great Plains Experiment in 1999.
INTRODUCTION
The Southern Great Plains experiment conducted in July 1999 (SGP99) was designed to gain insight into future techniques for remote sensing of soil moisture. In the near future, passive remote sensing at C-band will be available from space with instruments such as the Advanced Microwave Scanning Radiometer (AMSR). Recent experiments on remote sensing of soil moisture have been conducted with airborne sensors at L-band [ 1, 2] but little data exists on the retrieval of soil moisture using C-band remote sensing from space. In the more distant future, remote sensing from space at L-band will be possible when the Soil Moisture and Ocean Salinity (SMOS) mission being developed in Europe for the European Space Agency (ESA) is launched [3] . The L-band radiometer on SMOS will be a synthetic aperture radiometer, the same technology as employed in ESTAR [4] . ESTAR has been a pioneer in demonstrating the viability of aperture synthesis for remote sensing and providing data at L-band for soil moisture research [5] .
ESTAR is a prototype instrument designed to develop the technology of aperture synthesis for passive microwave remote sensing. It is a hybrid that uses real aperture to obtain resolution along track and synthetic aperture to obtain resolution across track [4, 5] . ESTAR operates in the band centered at 1.413 GHz reserved for passive use. It images at horizontal polarization in the equivalent of a cross-track scan. The scan is performed in software as part of image reconstruction. The image reconstruction is done using laboratory measurements of the impulse response of the instrument [5] . Calibration is achieved using "warm" and "cold" loads in a manner similar to that of conventional radiometers. The warm load used by ESTAR is a blackbody (box of absorber) which is observed before and after each flight. The cold load is water observed in flight. In SGP99 the Atlantic Ocean was used before and after the mission and Lake Kaw was used while in Oklahoma (Fig. 1 ).
ESTAR has mapped soil moisture in the vicinity of the SGP99 study area in the past. In particular, ESTAR mapped the Little Washita watershed in 1992 [1,5] and mapped the current study area in 1997'during an experiment called SGP97 [2] . The goal for ESTAR during SGP99 was to study soil moisture retrieval at L-band, to provide continuity with the previous experiments in this area and to provide an overview of soil moisture in the study area for comparison with the other instruments.
EXPERIMENT Fig. 1 shows the flight lines flown by ESTAR during the Southern Great Plains experiment. They consist of 4 parallel lines extending from the Little Washita Watershed in the south to the Kansas border at the northern end. In addition, two east-west lines were included just west of Oklahoma City (OKC). The latter two lines were to compensate-for RFI experienced by ESTAR when it flies in a north-south direction past Oklahoma City and to insure adequate coverage over the ground-truth site at El Reno. Orienting the instrument in an east-west direction uses the along-track antenna pattem (real aperture) of the ESTAR antennas to reduce the effects of RFI from OKC. ' were at 7.6 km (25 kft.). The flight plan also included a low altitude pass (300 m) over Lake Kaw located at about latitude 36.7 N and just east of line 7. This provided a fresh water source for calibration. It was flown at the end of the mission after completion of line 7 on the return to OKC. The flight lines were flown in numerical order beginning at the northem end of line 1 and then continuing with the soutbem end of line 2. Line 5 was flown east-to-west and line 6 was flown west-to-east.
ESTAR arrived in Oklahoma on July 7, 19991 and flew mapping missions on July 8, 9, 11, 14, 15, 19 and 20. The aircraft was down on July 10 by design and was down again on July 12-13 and 16-18 due to mechanical problems. ESTAR also experienced some problems during the experiment. The zero baseline (total power channel) was lost on portions of July 9 and all of July 11 due to failure of a voltage regulator caused by metal fatigue. There were also intermittent problems with the data system that caused some loss of data. These are problems of an instrument that has logged a large number of hours in the air and that was long overdue for an overhaul. ESTAR has additional total power channels that can be used as backup for the failed zero spacing channel. These aren't as low noise nor as well calibrated as the noise injection radiometer normally used for this data. However, they were used to reconlstruct the ESTAR data for July 11 and the missing portions 011 July 9. Fig. 2 shows the ESTAR brightness temperature map for July 15. This is typical of the maps made by EST,4R during SGP99 and is representative of a relatively dry study area. The previous major rainfall occurred several days earlier on the evening of July 10. Evidence of the four north-south lines can be seen at the top and bottom of the image. The eastwest lines over El Reno are evident in the indentations in the map at about 35.5 N latitude. The dark spots in the southwest corner of the map are small bodies of water (cold brightness temperatures). The light colors in the southeast indicate a very dry portion of the study area (which didn't recleive much rain during the event on July 10).
Several areas within the study area were selected for intensive measurement of soil moisture and other surface characteristics. The locations of the intensive surface truth sites are indicated by the rectangles in Fig. 2 . From north-tosouth these sites are the Central Facility (CF), tlhe USDA research facility at El Reno (ER) and the Little: Washita watershed (LW). Comparisons have been made of the brightness temperature measured by ESTAR and the surface soil moisture measured within these sites. The data are shown for the El Reno study area and the Central ]Facility in Fig. 3-4 . The open symbols are the data from SGP99 and the solid symbols are ESTAR data from SGP97 over these same areas [4, 5] . The data plotted here are averages for each day. In particular, the ESTAR brightness temperature plotted is the average for each of the boxes shown in Fig. 2! for each day. The soil moisture (volumetric soil moisture) is the average of all the measurements made on a particular day within each of the respective areas.
The data in Fig. 3-4 represent a calibration using the ESTAR flights over Lake Kaw on July 15 and 19 and the respective post flight blackbody observations. Data with standard deviation greater than 6 Kelvin have been eliminated. The standard deviation for all but one: of the ESTAR averages is 3-4 K. There were no soil moisture data for the Central Facility for July 14 and there were no ESTAR data over El Reno on July 8. In general, the data appear consistent with the previous observations during SGP97. However, there are still some unresolved variations depending on the scene used for calibration. Work is underway to refine the calibration and to complete the comparison with past observations. /oao9] 
